To obtain information about the effects of Ienticular polyols on the prevention, initial stages, and development of diabetic cataracts, we identified and determined with gas-liquid chromatography or gas-liquid chromatography/mass spectrometry eight polyols in cataractous lenses of non-insulin-dependent diabetes mellitus patients and nondiabetic subjects. In the diabetics' lenses, the concentrations of polyols (e.g., sorbitol, fructose, mannitol, and adonitol) were higher than in the nondiabetics' lenses, whereas the concentration of 1-deoxyglucose was lower. The mean concentration of myo-in#{244}sitol in lenses of diabetics was lower than that of nondiabetics, but this difference was statistically not significant. The total content of eight polyols in the diabetics' lenses did not differ significantlyfrom that in the nondiabetics. In the lenses of diabetics, the content of glucose correlated positively with that of adonitol, fructose, and sorbitol. In the lenses of nondiabetics, the content of glucose corre- From these studies, the accumulation of polyols is believed to cause an osmotic hydration of lens fibers and is held responsible for the initial stages of lens opacification. We recently found (6) that the polyol pattern in sera of diabetics definitely differed from that in nondiabetics. Thinking that the polyol pattern in cataractous lensesof diabetics might resemble that in their sera, we decidedto ascertain whether any free polyols other than sorbitol, fructose, and glucose accumulated in the lenses of diabetics.
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In this study, we identified and determined eight free polyols in cataractous lenses of diabetics and nondiabetics. This, as well as the effect of diabetes on the concentration of lens polyols in diabetic patients, is discussed in this report. Diagnosis of NIDDM was based on the criteria of the U.S. National Diabetes Data Group (7) . Reagents and chemicals: Details about reagents and chemicals have been presented previously (8) (9) (10) . Sample preparation:
MaterIalsand Methods

Add 1 mL of doubly distilled
water to a lens and homogenize it with a homogenizer in an ice bath rotating at 300 rpm for 1 mm. To deproteinize the sample, add 2 mL of absolute (99.8%) ethanol, stir for 3 mm with a stirrer, and let stand in an ice box for 30 mm. Centrifuge the mixture at 15 000 x g for 60 mm at 4#{176}C. Filter the supernates with Amicon Centricon-lO (Amicon Co., Tokyo, Japan) to obtain compounds of molecular mass <10 000 Da. Transfer 1 mL of each filtrate to a small vial and add 3 pg of xylitol as an 'Nonstandard abbreviations: NIDDM, non-insulin-dependent diabetes mellitus; GLC, gas-liquid chromatography; and TMS, trimethylsilyl. with xylitol as the internal standard. The sample volume injected was 1 pL, and nitrogen was the carrier gas, at 50 mL'min (0.25 mL/min in the column). The temperature of both detector and sample injection port was 240 #{176}C. The column temperature was set at 170 #{176}C initially, then linearly programmed at 0.5 #{176}C/min to 200 #{176}C. The split ratio, sensitivity, and range were 1:4, 10 Mu, and 0.002 or 0.004 V, respectively.
GLC-mass spectrometry:
The apparatus and procedure for GLC-mass spectrometry were already reported in detail (8). Table 1 , the concentrations of adonitol, fructose, glucitol, and mannitol in cataractous lenses of NIDDM subjects were significantly higher than in lenses of nondiabetics, whereas the concentration of 1-deoxyglucose was significantly lower in lenses of NIDDM patients. The mean concentrations of myo-inositol and scyllo-inositol and the mean summed content of eight polyols were also lower in lenses of NIDDM patients than in nondiabetics, although these differences were not significant.
Results
Identification
Free glucose and free polyols in cataractous
lenses: In the lenses from NIDDM subjects, the concentration of free glucose showed significant positive correlations with adonitol, fructose, and glucitol, whereas the lenses of nondiabetics showed a significant positive correlation between the concentration of free glucose and that of mannitol and a significant inverse correlation between glucose and 1-deoxyglucose (Table 2) . Hemoglobin A3 and free polyols in cataractous lenses:
Hemoglobin A1 (%) correlated positively with the concentrations of adomtol and glucitol, and inversely with that of myo-inositol. These correlations were statistically significant ( However, concentrations of other polyols were not significantly correlated. 
Discussion
Since Heyningen's report (1), polyols of ocular lenses have been evaluated by many scientists (2) (3) (4) (5) , who used paper chromatography, paper electrophoresis, and GLC. They found that sorbitol, fructose, and glucoseaccumulated in cataractous lenses of diabetic animals as well as in human diabetics. The accumulation of polyols in a lens presumably raises the osmotic pressure and increases the water volume in the lens enough to cause swelling of the lens and rupturing of the lens fibers. These phenomena, together with the malfunctioning of lens fiber's cation pump-a result of osmotic changes in the lens-are thought to cause lens opacification.
Recent advances in instrumental analysis enabled us to determine the polyols other than sorbitol, fructose, and glucose in the lens. We have identified and quantified eight polyols in lenses by GLC or GLC-mass spectrometry (or both) and examined the polyol pattern. The peaks for the TMS ethers of adonitol, fructose, 1-deoxyglucose, glucose, sorbitol, mannitol, myo-inositol, and scyllo-inositol were well separated (Figure 1) , so that each polyol could be reliably quantified in lenses. This information may be useful for understanding the physiological significance of lens polyols in cataracts in diabetes.
To our knowledge, this is the first report of the accumulation of polyols other than sorbitol, fructose, and glucose, and of the decrease of 1- (12) reported that the concentration of lenticular myo-inositol decreased with the development of the cataract. In our present study, hemoglobin A1 (%) inversely correlated with the lenticular myo-inositol (P = 0.00 1). We also found that the mean amount of myo-inositol and scyllo-inositol in lenses of NIDDM subjects was lessthan in lenses of nondiabetics, although this difference was not statistically significant.
Further studies are needed to clarify the roles of lenticular myo-inositol and scyllo-inositol in cataractogenesis in diabetes. Pirie and Heyningen (2) reported that the concentration of glucose in cataractous lenses of diabetic patients was higher than in nondiabetics. We could not confirm this. This disparity may be due to the better glycemic control of our patients before the extraction of their lenses. More lenses should be analyzed to confirm the findings of Pirie and Heyningen (2). The mean total for the lenticular polyols in NIDDM was lower than in nondiabetics (statistically not significant). These results indicate that the cataractous lenses of NIDDM subjectscontain nearly the same amounts of polyols, including glucose and fructose, as those of nondiabetics. We conclude that several polyols-adonitel, fructose, sorbitol, mannitol, and glucose-accumulate in lenses of diabetics, whereas 1-deoxyglucose and myo-inositol leak out of the lens in diabetic states. Thus, the total amount of polyols in cataractous lenses does not differ between diabetics and nondiabetics. Our findings do not match the lenticular polyol pattern in the initial stage of lens opacification observed in diabetic animals or in in-vitro experiments (3,5) . Because each of the eight polyols has nearly the same molecular mass, we presume that the osmolarity within cataractous lenses of diabetic subjects does not significantly exceed that of nondiabetics, perhaps a consequenceof osmotic hydration of NIDDM lenses. This conclusion, therefore, does not contradict the osmotic swelling of NIDDM lenses.
In our recent study (6), we found that the serum polyol pattern in diabetics is characterized by increased con-centrations of glucose, mannose, and myo-inositol; a decreased concentration of 1-deoxyglucose; and occasional detections of peaks from mannitol and sorbitol. However, the lenticular polyol pattern in diabetics reflected the accumulation of sorbitol, fructose, and glucose; the decrease of 1-deoxyglucose; and the relatively low concentration of myo-inositol. A comparison of the effect of diabetes on concentrations of free polyols in serum and cataractous lenses is summarized in Table 4 . Free mannose was not detected in the cataractous lenses of either NIDDM or nondiabetics, as shown in Figure 1 (B and C) , although it was always detected in measurable amounts in sera from diabetics, nondiabetics, and apparently healthy persons.These findings indicate that, in lens, the concentrations of polyols other than mannose and myoinositol mainly reflect the polyol pattern in serum. The concentration of mannose and myo-inositol may represent polyol metabolism in the lens itself.
In the lens of galactose-fed animals, galactitol (13,14) and y-galactono-1,4-lactone (14) have been identified. We noted several unidentifiable peaks with our GLC method ( Figure 1, B and C) . We presume that these peaks probably originated from TMS ethers of the inositols or glucurono-lactones (not the galactono-lactones). Identification of these peaks will be reported elsewhere.
In the cataractous lenses of subjects with NIDDM, the concentration of free glucose showed significant positive correlations with the concentrations of adonitol, fructose, and sorbitol (Table 3 ). In NIDDM, the proportion of hemoglobin A1, measured several days before the extraction of a lens, correlated positively with the concentrations of adonitol and sorbitol and inversely with the concentration of lenticular myo-inositol (Table 3) We therefore presume that the regulation of both lenticular polyol metabolism and the serum polyol pat- This study was partly supported by the research grant of Morinaga-Housikai Foundation, Tokyo, Japan.
